The activity of the sensory cortex is subjected to thalamic control even in the absence of external stimulation . The rhythmic electrical waves of the cerebral cortex are largely due to the thalamo-cortical reverberating relationship, as suggested by ECCLES (1963) . Interspike intervals of spontaneous discharges show different distributions in different parts of the visual pathway ; the exponential distribution in the optic tract, bi-and tri-modal distributions in the lateral geniculate body and a distribution with a peak at short intervals followed by wide and unsystematic scattering of longer intervals in the cortex (HERZ at al. 1964 ). These facts suggest that neurons in the higher centers of the visual system are influenced not only by specific inputs , but also by nonspecific ones of nonvisual systems or afferents. Moreover, there are profusely complexed connections of intracortical association or axon collaterals among cortical neurons (SHOLL, 1956) .
In order to eliminate the influences of thalamic or afferent connections coming up the white matter, chronically isolated slabs of the visual cortex were prepared in the experiment reported here. A microelectrode study of the chronically deafferentiated preparations of the visual cortex was first described by CREUTZFELDT and STRUCK (1962) . They did not observe any obvious rhythmic spontaneous EEG, but some spontaneous activities of neurons in synchrony with grouped fast EEG waves. They suggested that these activities revealed a pure intracortical " Eigenrhythmus " .
In this paper, the spontaneous postsynaptic potentials (PSPs) recorded intracellularly with microelectrodes and responses of neurons produced by epicortical stimulation in isolated cortical slabs were analyzed to study intracortical linkages.
Moreover, the question whether intracortical inhibitory pathways are composed only of forward pathways or also of backward pathways, will be examined.
METHODS
Cats were anesthetized with Nembutal injected intraperitoneally (30-40 mg/Kg). The part of the skull covering the lateral, suprasylvian and ectosylvian gyri was removed. After cutting the dura, circular piece of tissue 3 mm in thickness and 20 mm in diameter containing parts of the lateral and suprasylvian gyri was detached by slicing with a thin curved knife from all subcortical as well as intracortical connections except the superficial blood vessels contained in the pia. After the operation the fascia were returned to their original positions to be sewn together, and the cut in the skin was closed by sutures. Fourteen cats were used in this experiment. They were individually caged and used for intracellular studies 4 to 6 weeks after the operation. These cats were again operated for acute experiments. The cerebrospinal fluid was drained through an incision made in the cisterna magma in order to reduce the movement of the brain. In order to prevent the cortical surface from drying a thin layer of agar-agar (1% dissolved in Ringer solution) was placed on it after cleaning the wound and holding the cortex down by a plastic pressure foot (1.5 cm in diameter) attached on the stereotaxic instrument. The pressure foot was provided with a Ag-AgC1 ball electrode for surface recording, two Ag-AgC1 ball electrodes for epicortical stimulation and a small hole (1 mm in diameter) in its center for inserting the microelectrode. Agar-agar under this hole was removed to allow the passage of the electrode.
Surface corticogram as well as intracellular recording was made in the isolated cortical slabs. For intracellular recording glass capillary electrodes filled with 1.5 mol potassium citrate were used. Electrodes of which the d.c. resistances ranged from 30 to 70 meg ohms were selected for use. The microelectrode was connected to a high input impedance preamplifier. Recording was made by a long recording camera for photographing the shape of electrical signals on a dual beam oscilloscope, and by a data recorder connected to the amplifier output.
Intracellular application of currents through a recording electrode was accomplished with a balancing method of Wheatstone bridge containing a fixed resistance of 1 giga ohms. Stimulating currents were supplied from a square pulse generator. The same stimulator was used for the epicortical stimulation through a pair of silver ball electrodes.
Histological examination was performed in order to confirmed whether the cortical. preparation was isolated completely from other tissues.
RESULTS

Spontaneous postsynaptic potentials
The resting membrane potentials of neurons in the isolated preparations as measured immediately after electrode penetration were lower in mean value of -30 mV and standard deviation of +7.0 mV than those obtained in an intact visual cortex.
According to an experiment on degenerated geniculate neurons (KocH et al. 1962 ), a transneuronally degenerated neuron exhibited little change in cellular ionic compositions with slightly elevated Naf and IC+, and lowered Cr.
On the other hand, a retrogradely degenerated neuron showed marked changes with much higher concentrations of Na+ and C1-, and a slightly lower concentration of K. The former could be only slightly depolarized and the latter could no longer excite itself. Therefore, the impaled neurons which possessed a resting potential of about -30 mV might be normal or transneuronally degenerated.
After injury discharges disappeared, the membrane potential held a relatively stable level for more than 10 minutes f: an evoked long lasting IPSP after the cessation of injury discharges.
of the neuron was seldom found, also flat EEG was seen in the slabs. Some neurons showed a periodic activity with a long interval of 6-10 sec, as described by CREUTZFELDT and STRUCK. On the other hand, a considerable number of spontaneous PSPs were recorded from the slabs, when the animals were not anesthetized but just immobilized with gallamine triiodethylate (FIG. lc) . The amplitude of spontaneous PSPs was smaller than that of motoneurons of the cat (KUNO, 1964) and the frog (KATZ and MILEDI, 1963) and ciliary ganglion cells of the chick (MARTINE and PILAR, 1964), but there was no significant difference in the amplitude of PSPs between isolated cortex and intact visual cortex.
The observed spontaneous PSPs were not grouped but solitary in nature indicating that they are due to random synaptic noise rather than to afferent bombardments. anodal currents through the recording electrode, as commonly seen with IPSPs (FIG. 6) . The mean latency of IPSPs after the onset of stimulation was 2.8 msec depending on the stimulus intensities. The latency did not vary so much whether a spike potential preceded or not. This fact shows that this long lasting IPSP should be produced bi-synaptically via a inhibitory interneuron.
If the interneuron was invaded directly by electrical shock, the IPSP should be evoked mono-synaptically on the pyramidal cell. As shown in FIG. 5, no IPSP appeared earlier than 1.7 msec. This bisynaptical sign reveals the existence of an inhibitory interneuron presumably connected with the recurrent collaterals of pyramidal cells, since in the isolated slab there is no afferent fiber coming up from remote sites.
In some cases, grouping discharge patterns evoked by epicortical stimulation were recorded extracellularly in the slabs . FIG. 4 shows the responses of a neuron, consisting of an initial burst discharge with a frequency of about 150 spikes per sec during first 30-40 msec and a pause of 80-100 msec followed by a burst discharge.
The initial burst corresponded to the rising phase of the negativity of surface potentials. Furthermore, in some cases the same cell that responded in the above manner released a burst of impulses 80-100 The effects of intracellularly applied currents on the long lasting hyperpolarizing potential and on the superimposed depolarizing potential indicate the identity of these potentials respectively as IPSP and EPSP. These synaptic potentials, both IPSP and EPSP might also be produced near the recording site in the soma, since both synaptic potentials changed linearly with the applied currents (FIG. 7) . Concerning with synaptic sites of neurons, 2. Forward and backward inhibitory pathways in the cortical layers In the visual cortex, including the striate and parastriate cortex, a long lasting IPSP was evoked by stimulation of various parts of the visual pathways. As pointed out earlier (1966), the latency of IPSPs was longer than. that of EPSPs, and the intervals between the onset of IPSP and that of EPSP' elicited by stimulation of the optic tract was calculated to be 1.0 msec for " fast group " and 0.9 msec for " slow group ". Recently, TOYAMA at al. have reported that the latency of the IPSPs evoked by stimulation of the optic chiasma,. lateral geniculate body and optic radiation was also regularly longer by 0.8 msec than that of the EPSP. This difference of 0.1-0.2 msec does not suffice to assume that the IPSPs might be produced at least by an interneuron located between two pyramidal cells. Provided that the specific visual afferents were stimulated, the forward inhibitory pathway, as described by ECCLES (1965),. might be the possible interpretation.
However, stimulation of the optic radiation elicits an antidromic spike followed by a long lasting IPSP. In, the visual cortex, three types of efferent fibers were known physiologically,. as association efferents, commissural efferents and corticofugal efferents. A histological classification of pyramidal cells in cerebral cortex by SHOLL (1956) divided them into f our types, in which three types (P1, P2 and P3) extend an. axon down to the white matter, and two types (P3 and P4) possess recurrent collaterals.
Stimulation of these efferent fibers could generate antidromic spikes in pyramidal cells, and accompanying long lasting IPSPs which are produced bisynaptically through the recurrent collaterals of the pyramidal cells. However, this method of antidromic volley is insufficient to use as evidence for recurrent collaterals, because the optic radiation and commissurat tract contain not only efferent, but also afferent fibers.
No afferent fibers.
